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ABSTRACT
This document provides steady-state, total-dose radiation test data, in
graphic format, for use by electronic designers and other personnel using
semiconductor devices in a radiation environment. The data were generated by
JPL for various NASA space programs. The document is in two volumes: Volume I
provides data on diodes, bipolar transistors, field effect transistors, and
miscellaneous semiconductor types, and Volume II (Parts A and B) provides data
on integrated circuits.
The data are presented in graphic, tabular, and/or narrative format,
depending on the complexity of the integrated circuit. Most tests were done
using the JPL or Boeing electron accelerator (Dynamitron) which provides a
steady-state 2.5-MeV electron beam. However, some radiation exposures were
made with a Cobalt-60 gamma ray source, the results of which should be re-
garded as only an approximate measure of the radiation damage that would be
incurred by an equivalent electron dose. All data were generated in support
of NASA space programs by the JPL Radiation Effects and Testing Group (514).
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PREFACE
Volume II of the Total-Dose Radiation Effects Data for Semiconductor
Devices, 1985 Supplement contains new test data generated since the Decemberi,
1981 release data of the original Volume II, JPL Publication 81-66.
There are two parts to Volume II. Part A contains data for devices
starting with the 1802 CMOSMicroprocessor and ending with the LMI08 OPAMP.
Part B contains data for devices starting with the LMIII Voltage Comparator
and ending with the SMP-II Sampleand Hold. For ease in referencing, the
Index and Appendixes are included in both Parts A and B.
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INDEX OF DEVICE TYPES
in Part A
Device Number Description Vendor a Page
1802
1821
1824
1852
2909A
54HC373
54HC373
74HC373
74HC373
74HC373
9407X-I
AI01
AD571
AD574
ADSP-1016 (5.0 micron)
ADSP-IOI6A (1.5 micron)
AM6108
AM6112
AM6148
CD4013
CD4060
CMPO5
DGI54
GI59R (TA6678A)
HA2520
HA2?00
HA5064
HA5141A
HM6508
CMOS Microprocessor HUG/RCA
CMOS-SOS RAM RCA
CMOS 32 x 8 RAM RCA
CMOS 8 Bit I/0 Port HUG
Micro. Prog. Seq. AMD
CMOS Latch MTL
CMOS Latch NSC
CMOS Latch RCA
CMOS Latch SPI
CMOS Latch STX
Data Access Reg. FSC
Hyb. Preamp AMP
I0 Bit A/D Converter ADI
12 Bit A/D Converter ADI
CMOS 16 x 16 Bit Multiplier ADI
CMOS 16 x 16 Bit Multiplier ADI
8 Bit A/D Converter AMD
12 Bit A/D Converter AMD
8 Bit A/D Converter AMD
CMOS Dual Flip-Flop SSS
CMOS Counter/Divide/Osc SSS
Comparator PMI
DPST FET Switch SlL
OP AMP RCA
0P AMP HAR
0P AMP HAR
JFET, Quad 0P AMP HAR
Low Power JFET OP AMP HAR
CMOS IK x I RAM HAR
5-3
5-4
5-5
5-6
5-7
5-8
5-10
5-14
5-16
5-17
5-18
5-19
5-34
5-49
5-61
5-87
5-89
5-91
5-107
5-125
5-134
5-140
5-146
5-186
5-189
5-197
5-202
5-226
5-246
aSee Appendix A for Vendor Identification Code List.
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INDEX OF DEVICE TYPES
in Part A (Continued)
Device Number Description Vendor a Page
HM6551 CMOS 256 x 4 RAM
HS6551-RH CMOS 256 x 4 RAM (RADHARD)
L144 Low Power 0P AMP
LI61 Quad Comparator
LFI55 FET OP AMP
LFI56 FET OP AMP
LFI98 FET Sample & Hold
LMI01 OP AMP (RADHARD)
LMI01 OP AMP
LMI03 3.0 Voltage REF
LMI08 OP AMP
LMI08 OP AMP
LMI08 OP AMP
LMI08 OP AMP
LMI08 OP AMP (RADHARD)
LMI08 OP AMP
HAR
HAR
SIL
SIL
MOT
NSC
AMD
NSC
NSC
NSC
AMD
FSC
MOT
NSC
NSC
PMI
5-247
5-249
5-250
5-290
5-298
5-317
5-333
5-345
5-365
5-385
5-387
5-412
5-430
5-444
5-476
5-479
aSee Appendix A for Vendor Identification Code List.
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INDEXOFDEVICETYPES
in Part B
Device Number Description Vendora Page
LMIII Voltage Comparator
LMI39 Quad Comparator
LMI39 Quad Comparator
LMI39 Quad Comparator
LMI39 Quad Comparator
LMI39 Quad Comparator
MN5211 (MN90227) Hyb. 12 Bit A/D Converter
MN5214 (MN90228) Hyb. 12 Bit A/D Converter
MN5290 Hyb. 16 Bit A/D Converter
OP-08 OP AMP
OP-08 OP AMP
OP-15 FET OP AMP
OP-16 FET OP AMP
OP-21 Low Power OP AMP
0P-27 OP AMP
0P-27 OP AMP
0P-27 OP AMP
0P-27 OP AMP
0P-27 OP AMP
0P-27 OP AMP
OPA-100 FET OP AMP
OPA-III FET OP AMP
SMP-II SAMPLE AND HOLD
AMD
AMD
FSC
MOT
NSC
PMI
MNC
MNC
MNC
MPS
PMI
PMI
PMI
PMI
ADI
BUB
LTC
MPS
PMI
RAY
BUB
BUB
PMI
5-499
5-543
5-623
5-639
5-659
5-675
5-707
5-714
5-716
5-725
5-727
5-729
5-752
5-755
5-783
5-793
5802
5-807
5-816
5-826
5-834
5-859
5-869
aSee Appendix A for Vendor Identification Code List.
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5-711
DEVICE TYPE: MN5211 12 Bit A/D
MFG: MNC 2 Devices
REF: JPL LOG 0729
Converter TEST DATE: 5-21-81
DATE CODE: 8102
SOURCE: Dynamitron, 2.5 MeV e
WORST CASE VALUES (AVG)
Dose,
krad(Si)
VOH
(Volts)
min
VOH EOC VOL VOL EOC IOH IOH EOC IOL
(Volts) (mV) (mV) (mA) (mA) (mA)
min max max min min max
Initial
30
75
150
300
600
4.400
4.410
4.410
4.415
4.420
4.430
4.205 99.00 84.50
4.220 i01.00 87.00
4.230 i01.00 86.00
4.230 102.00 87.50
4.235 102.5 88.00
4.240 103.0 88.50
5.057
4.970
4.950
4.924
4.900
4.877
2.010
2.010
2.010
2.005
1.996
1.970
18.56
17.20
16.17
15.27
14.34
13.35
Dose,
krad(Si)
IOL EOC IIH STR IIH CLK IlL STR IlL CLK &VREF ICC
(mV) (hA) (nA) (pA) (pA) (mV) (mA)
min min max max min min max
Initial
30
75
150
300
6O0
19.45
17.60
16.15
15.00
13.89
12.85
612.3 795.1 331.0 332.7 -- 21.95
646.0 828.5 324.8 324.0 2.500 21.60
624.8 804.3 322.6 322.3 3.000 21.50
615.0 793.5 321.7 320.9 3.500 21.45
602.0 778.8 320.0 320.0 1.500 21.35
609.3 765.6 318.0 319.0 5.000 21.15
5-712
DEVICETYPE: MN521112 Bit
MFG: MNC 2 Devices
REF: JPL LOG0729
A/D Converter
(continued)
TEST DATE: 5-21-81
DATE CODE: 8102
SOURCE: Dynamitron, 2.5 MeV e-
IDD lEE
Dose, (mA) (mA)
krad(Si) max max
OFF SET
(mv)
OFF ERR
(LSR)
max
POS FS ACC NEG FS ACC NONLIN
(Volts) (Volts) (LSB)
min min max
Initial 13.95 8.600 2.013 .8244
30 13.85 8.550 1.688 .6913
75 13.80 8.500 2.167 .8877
150 13.75 8.500 4.174 1.710
300 13.80 8.500 10.36 1.152
600 13.80 8.450 16.86 6.906
4.994 4.997 .5010
4.995 4.996 .5326
4.997 4.993 .5420
4.998 4.990 .5604
5.004 4.982 .7366
5.004 4.969 1.352
VOH VOL IOH IOL
Dose, (Volts) (mY) (mA) (mA)
krad(Si) min max min min
Initial 4.025 109.5 4.806 17.69
30 4.035 112.8 4.723 15.89
75 4,035 113.3 4.,703 14.42
150 4.080 114.3 4.680 13.27
300 4.037 115.1 4.659 12.17
600 4.044 116.1 4.638 11.15
5-713
DEVICETYPE: MN521412 Bit A/D Converter
MFG: MNC 2 Devices
REF: JPL LOG0730
TESTDATE: 5-21-81
DATECODE: 8102
SOURCE:Dynamitron, 2.5 MeVe-
WORSTCASEVALUES(AVG)
VOH VOHEOC VOL
Dose, (Volts) (Volts) (mV)
krad(Si) min min max
V0L E0C 10H 10H E0C IOL
(mV) (mA) (mA) (mA)
max min min max
Initial 4.140 4.390 103.5 86.5 4.765 4.805 17.90
30 Fail Fail Fail Fail Fail Fail Fail
75 Fail Fail Fail Fail Fail Fail Fail
Dose,
krad(Si)
IOL EOC IIH STR IIH CLK IIL STR IIL CLK AV REF
(mV) (nA) (nA) (NA) (_A) (mA)
sin max max max max max
Icc
(mA)
max
Initial 20.17 668.0 898.3 298.0 304.4 -- 20.45
30 Fail Fail Fail Fail Fail Fail Fail
75 Fail Fail Fail Fail Fail Fail Fail
IDD
Dose, (mA)
krad(Si) max
lEE
(mA)
max
OFF SET OFF ERR POS FS ACC NEG FS ACC NONLIN
(mV) (LSB) (Volts) (Volts) (LSB)
max max min min max
Initial 17.95 4.250
30 Fail Fail
75 Fail Fail
1.991 .8154 4.996 4.999 .443
Fail Fail Fail Fail Fail
Fail Fail Fail Fail Fail
Dose,
krad(Si)
VOH VOL IOH IOL
(Volts) (mV) (mA) (mA)
min max min min
Initial
30
75
4.055 117.3 4.592 18.17
Fail Fail Fail Fail
Fail Fail Fail Fail
5-714
DEVICETYPE: MN5214Hyb. 12 Bit A/D Converter
MFG: MNC 2 Devices
REF: JPL LOG 0814
TEST DATE: 5-5-85
DATE CODE: 8141
SOURCE: Dynamitron, 2.5 MeV e
Two samples of the Micro Networks MN5214/90228A (50-chip hybrid) date code
8141, were radiation tested at BREL (Boeing Radiation Effects Lab) on 5 May
1982. The devices were log number 0814 and they were tested per RTR 329. The
radiation levels were 30, 75, 150, 300, and 600 krad(Si).
The devices were Galileo flight parts that had been rebuilt by replacing the
Raytheon RM1556 operational amplifier with a similar MC1556 Motorola opera-
tional amplifier.
Both devices failed to meet one or more of the linear specifications at 150
krad(Si). At 600 krad(Si) S/N 144 was still functional (but highly degraded)
and S/N 148 had failed catastrophically.
It is recomended that these devices not be used in a radiation environment
that exceeds 75 krad(Si).
5-715
DEVICETYPE: MN5290Hyb. 16 Bit A/D Converter TESTDATE: 10-16-84
MFG: MNC DATECODE: 8419
REF: JPL LOG1081-A SOURCE:Dynamitron, 2.5 MeVe
(1) VOL mV (IoL = 0.8 mA)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0E10 2.0El0 4.0El0 5.3E10
1514 160.5 162.0 162.0 162.5 163.0 163.0 164.0
1515 162.0 166.0 167.5 166.5 166.5 168.0 167.0
1516 163.0 163.5 163.5 165.0 165.5 165.5 165.5
1517 158.5 163.0 162.5 163.0 163.5 164.5 164.5
1518 154.0 156.0 157.5 158.5 158.5 158.0 158.0
Max. 163.0 166.0 167.5 166.5 166.5 168.0 167.0
Mean 159.6 162.1 162.6 163.1 163.4 163.8 163.8
Min. 154.0 156.0 157.5 158.5 158.5 158 158.0
MN+3 sigma 170.2 173.2 173.3 172.1 172.6 174.9 174.1
MN-3 sigma 148.9 150.9 151.8 154.0 154.1 152.6 153.4
(2) VOL E0C mV (IoL = 0.8 mA)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0El0 5.3EI0
1514 185.5 183.5 183.0 184.0 184.5 185.5 185.5
1515 185.0 177.0 176.5 178.5 180.5 180.0 183.0
1516 187.0 184.5 187.5 186.5 186.5 189.0 189.5
1517 187.5 178.5 179.5 180.5 181.0 181.0 182.0
1518 187.0 182.0 180.0 179.0 180.5 184.0 185.0
Max. 187.5 184.5 187.5 186.5 186.5 189.0 189.5
Mean 186.4 181.1 181.3 181.7 182.6 183.9 185.0
Min. 185.0 177.0 176.5 178.5 180.5 180.0 182.0
MN+3 sigma 189.6 190.7 193.7 192.0 190.8 194.7 193.6
MN-3 sigma 183.1 171.4 168.8 171.3 174.3 173.0 176.3
(3) VOL CLK mV (IoL = 0.8 nA)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 I.OEI0 2.0El0 4.0E10 5.3EI0
1514 197.5 195.5 194.0 194.5 193.5 195.0 194.0
1515 193.0 186.0 186.0 186.5 187.0 186.5 189.0
1516 195.5 193.0 195.5 194.5 195.0 195.5 195.0
1517 194.0 186.0 186.5 187.5 187.5 187.5 189.0
1518 191.0 187.5 186.5 184.5 187.5 187.5 187.5
Max. 197.5 195.5 195.5 194.5 195.0 195.5 195.0
Mean 194.2 189.6 189.7 189.5 190.1 190.4 190.9
Min. 191.0 186.0 186.0 184.5 187.0 186.5 187.5
MN+3 sigma 201.5 202.7 203.6 203.5 201.5 203.7 200.9
MN-3 sigma 186.8 176.4 175.7 175.4 178.6 177.0 180.8
5-716
DEVICETYPE: MN5290Hyb.
MFG: MNC
REF: JPL LOG1081-A
16 Bit A/D Converter
(continued)
TESTDATE: 10-16-84
DATECODE: 8419
SOURCE:Dynamitron, 2.5 MeVe
(4) IOL mA (VoL = 0.4 V)
Fluence (e/cm 2) Initial 1.2E12 3_0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0ElO 5.3E10
1514 13.20 12.90 12.65 12.45 12.15 11.80 11.45
1515 12.85 12.10 11.90 11.70 11.35 10.90 10.60
1516 13.50 12.95 12.90 12.50 12.15 11.75 11.45
1517 13.40 12.50 12.35 12.15 11.90 11.50 11.15
1518 13.65 13.10 12.75 12.45 12.20 11.85 11.45
Max. 13.65 13.1 12.9 12.5 12.2 11.85 11.45
Mean 13.32 12.71 12.51 12.25 11.95 11.56 11.22
Min. 12.85 12.1 ll.9 ll.7 11.35 10.9 10.6
MN+3 sigma 14.24 13.93 13.69 13.26 13.01 12.73 12.33
MN-3 sigma 12.39 11.48 11.32 11.23 10.88 10.38 i0.I0
(5) IOL EOC mA (VoL = 0.4 V)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0ElO 4.0El0 5.3E10
1514 9.755 9.705 9.645 9.575 9.490 9.370 9.275
1515 9.985 9.915 9.855 9.765 9.680 9.565 9.450
1516 i0.00 9.950 9.915 9.875 9.795 9.665 9.535
1517 9.750 9.695 9.635 9.555 9.485 9.375 9.280
1518 9.790 9.735 9.670 9.625 9.530 9.400 9.305
Max. I0.0 9.95 9.915 9.875 9.795 9.665 9.535
Mean 9.856 9.800 9.744 9.679 9.596 9.475 9.369
Min. 9.75 9.695 9.635 9.555 9.485 9.37 9.275
MN+3 sigma 10.23 10.16 10.13 10.08 10.00 9.874 9.720
MN-3 sigma 9.478 9.432 9.350 9.268 9.186 9.075 9.017
(6) IOL CLK mA (VoL = 0.4 V)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 I.OEI0 2.0EIO 4.0El0 5.3EI0
1514 12.15 12.15 12.15 12.15 12.10 12.10 12.00
1515 12.75 12.90 12.90 12.80 12.75 12.70 12.55
1516 11.95 12.00 11.90 11.90 11.80 11.65 11.55
1517 11.70 11.85 11.80 11.70 11.60 11.50 11.35
1518 12.20 12.30 12.30 12.30 12.15 12.00 11.85
Max. 12.75 12.9 12.9 12.8 12.75 12.7 12.55
Mean 12.15 12.24 12.21 12.17 12.08 11.99 11.86
Min. 11.7 11.85 11.8 11.7 11.6 11.5 11.35
MN+3 sigma 13.31 13.45 13.51 13.43 13.39 13.39 13.24
MN-3 sigma 10.98 11.02 10.90 10.90 10.76 10.58 10.47
5-717
DEVICETYPE: NN5290Hyb. 16 Bit A/D Converter TESTDATE: 10-16-84
MFG: MNC DATECODE: 8419
REF: JPL LOG1081-A SOURCE:Dynamitron,
(continued)
2.5 MeVe
(7) VOH V (IoH = 40 uA)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 I.OEI0 2.0EIO 4.0El0 5.3EI0
1514 3.970 3.970 3.970 3.965 3.965 3.960 3.960
1515 3.985 3.995 3.995 3.990 3.985 3.985 3.975
1516 4.000 4.005 4.000 4.000 3.995 3.990 3.985
1517 3.965 3.975 3.970 3.970 3.970 3.965 3.965
1518 3.965 3.970 3.970 3.970 3.965 3.960 3.960
Max. 4.00 4.005 4.00 4.00 3.995 3.99 3.985
Mean 3.977 3.983 3.981 3.979 3.976 3.972 3.969
Min. 3.965 3.97 3.97 3.965 3.965 3.96 3.96
MN+3 sigma 4.022 4.031 4.026 4.024 4.016 4.015 4.001
MN-3 sigma 3.931 3.934 3.935 3.933 3.935 3.928 3.936
(8) IOL EOC mA (VoL = 0.4 V)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.OEl0 2.0El0 4.0El0 5.3E10
1514 -4.200 -4.150 -4.150 -4.100 -4.100 -4.100 -4.050
1515 -4.600 -4.500 -4.450 -4.450 -4.450 -4.400 -4.405
1516 -4.500 -4.450 -4.450 -4.450 -4.400 -4.400 -4.400
1517 -4.200 -4.050 -4.050 -4.050 -4.000 -4.000 -4.000
1518 -4.150 -4.050 -4.000 -4.000 -4.000 -4.000 -3.950
Max. -4.15 -4.05 -4.00 -4.00 -4.00 -4.00 -3.95
Mean -4.33 -4.24 -4.22 -4.21 -4.19 -4.18 -4.161
Min. -4.6 -4.5 -4.45 -4.45 -4.45 -4.4 -4.405
MN+3 sigma -3.715 -3.582 -3.569 -3.544 -3.532 -3.565 -3.491
MN-3 sigma -4.944 -4.897 -4.870 -4.875 -4.847 -4.794 -4.830
(9) NONLIN (IN % FSR)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.OE10 2.0El0 4.0El0 5.3E10
1514 0.04623 0.06953 0.07335 0.06031 0.06714 0.07296 0.03154
1515 0.06000 0.1048 0.08249 0.10460 0.08855 0.09866 0.11090
1516 0.05131 0.05928 0.04548 0.06324 0.06214 0.06507 0.08996
1517 0.04598 0.05931 0.06734 0.07332 0.07728 0.03400 0.04919
1518 0.05446 0.04988 0.05946 0.05528 0.08433 0.07865 0.08561
Max. 0.06 0.1048 0.0824 0.1046 0.0885 0.0986 0.1109
Mean 0.0515 0.0685 0.0656 0.0713 0.0758 0.0698 0.0734
Min. 0.0459 0.0498 0.0454 0.0552 0.0621 0.034 0.0315
MN+3 sigma 0.0692 0.1328 0.1078 0.1305 0.1093 0.1406 0.1702
MN-3 sigma 0.0338 4.3E-03 0.0234 0.0121 0.0423 -8.8E-04 -0.0233
5-718
DEVICETYPE: MN5290Hyb. 16 Bit A/D Converter TESTDATE: 10-16-84
MFG: MNC DATECODE: 8419
REF: JPL LOG1081-A SOURCE:Dynamitron,
(continued)
2.5 MeV e
(i0) AOL OFF (IN mV)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0EIO 5.3EI0
1514 -0.9890 -1.698 0.7114 4.171 2.491 1.081 5.912
1515 -1.019 -1.689 -0.9890 I.I01 1.431 1.781 -3.339
1516 0.6313 0.3319 1.371 2.831 2.481 5.881 1.842
1517 -4.869 -4.819 -5.809 -0.6084 -3.339 0.4015 -2.628
1518 -0.07820 -1.389 0.3414 4.842 3.151 1.721 -1.279
Max. 0.6313 0.3319 1.371 4.842 3.151 5.881 5.912
Mean -1.264 -1.852 -0.8748 2.467 1.243 2.173 0.1016
Min. -4.869 -4.819 -5.809 -0.6084 -3.339 0.4015 -3.339
MN+3 sigma 5.122 3.727 7.793 9.175 9.146 8.614 11.52
MN-3 sigma -7.651 -7.432 -9.543 -4.241 -6.660 -4.267 -11.32
_ _ ERR (IN LSB)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 I.OEI0 2.0EIO 4.0EIO 5.3EI0
1514 -0.4051 -0.6957 0.2914 1.709 1.020 0.4430 2.421
1515 -0.4172 -0.6918 -0.4051 -0.4512 0.5863 0.7297 -1.368
1516 0.2568 0.1359 0.5617 1.160 1.016 2.409 0.7543
1517 -1.994 -1.974 -2.379 -0.2492 -1.368 0.1645 -1.077
1518 -0.03203 -0.5688 0.1398 1.983 1.291 0.7051 -0.5238
Max. 0.2568 0.1359 0.5617 1.983 1.291 2.409 2.421
Mean -0.5183 -0.7588 -0.3582 1.010 0.5090 0.8902 0.0413
Min. -1.994 -1.974 -2.379 -0.2492 -1.368 0.1645 -1.368
MN+3 sigma 2.096 1.526 3.192 3.758 3.746 3.528 4.719
MN-3 sigma -3.132 -3.044 -3.908 -1.736 -2.728 -1.747 -4.637
(12) OFFSET (IN mY)
Fluence (e/em 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0El0 5.3EI0
1514 1.345 1.837 4.924 8.325 8.647 9.344 11.41
1515 1.154 3.714 5.933 8.669 10.21 11.40 11.74
1516 1.133 3.890 6.429 8.835 10.38 11.57 12.24
1517 0.9677 2.689 4.575 8.169 8.486 11.73 11.22
1518 0.6257 4.049 6.606 9.894 10.72 11.05 11.74
Max. 1.345 4.049 6.606 9.894 10.72 11.73 12.24
Mean 1.045 3.235 5.693 8.778 9.688 ii.01 11.67
Min. 0.6257 1.837 4.575 8.169 8.486 9.344 11.22
_*3 sign_ 1.854 6.071 8.407 10.81 12.81 13.92 12o83
MN-3 sigma 0.2353 0.4002 2.979 6.745 6.561 8.109 10.50
5-719
DEVICETYPE: MN5290Hyb. 16 Bit A/D Converter TESTDATE: 10-16-84
MFG: MNC DATECODE: 8419
REF: JPL LOG1081-A SOURCE:Dynamitron,
(continued)
2.5 MeVe-
(13) OFF ERR (IN LSN)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0ElO 4.0El0 5.3E10
1514 0.5510 0.7524 0.7524 3.410 3.542 3.827 4.672
1515 0.4728 1.521 2.430 3.551 4.183 4.668 4.809
1516 0.4643 1.593 2.633 3.619 4.252 4.739 5.014
1517 0.3964 1.102 1.874 3.346 3.476 4.803 4.597
1518 0.2563 1.658 2.706 4.053 4.392 4.526 4.808
Max. 0.551 1.658 2.706 4.053 4.392 4.803 5.014
Mean 0.4281 1.325 2.079 3.595 3.969 4.512 4.78
Min. 0.2563 0.7524 0.7524 3.346 3.476 3.827 4.597
MN+3 sigma 0.7599 2.485 4.509 4.428 5.250 5.703 5.257
MN-3 sigma 0.0963 0.1646 -0.3512 2.762 2.687 3.322 4.302
(14) T CONV _S (16 bits)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0ElO 2.0E_O 4.0El0 5.3E10
1514 39.30 39.30 39.30 39.35 39.40 39.45 39.50
1515 39.10 39.05 39.10 39.10 39.20 39.25 39.30
1516 39.60 39.55 39.55 39.55 39.60 39.65 39.70
1517 38.95 38.90 38.90 38.95 39.00 39.05 39.10
1518 39.30 39.30 39.30 39.30 39.35 39.40 39.45
Max. 39.6 39.55 39.55 39.55 39.6 39.65 39.7
Mean 39.25 39.22 39.23 39.25 39.31 39.36 39.41
Min. 38.95 38.9 38.9 38.95 39 39.05 39.1
MN+3 sigma 39.98 39.97 39.96 39.94 39.98 40.03 40,08
MN-3 sigma 38.51 38.46 38.49 38.55 38.63 38.68 38.73
(15) F CLK (IN kHz)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0E10 2.0El0 4.0El0 5.3E10
1514 407.1 407.1 407.1 406.6 406.1 405.6 405.1
1515 409.2 409.7 409.2 409.2 408.2 407.6 407.1
1516 404.0 404.6 404.6 404.6 404.0 403.5 403.0
1517 410.8 411.3 411.3 410.8 410.3 409.7 409.2
1518 407.1 407.1 407.1 407.1 406.6 406.1 405.6
Max. 410.8 411.3 411.3 410.8 410.3 409.7 409.2
Mean 407.6 407.9 407.8 407.6 407.0 406.5 406.0
Min. 404.0 404.6 404.6 404.6 404.0 403.5 403.0
MN+3 sigma 415.3 415.7 415.4 414.8 414.1 413.4 412.9
MN-3 sigma 399.9 400.1 400.2 400.4 399.9 399.5 399.0
5-720
DEVICE TYPE: MN5290 Hyb. 16 Bit A/D Converter
MFG: MNC
REF: JPL LOG 1081-A
(continued)
TEST DATE: 10-16-84
DATE CODE: 8419
SOURCE: Dynamitron,
m
2.5 MeV e
(16) TCLEH (CV-/EOC+)
Fluence (elcm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm21s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0El0 5.3EI0
1514 90.70 91.40 92.00 92.80 93.60 94.40 96.25
1515 94.00 95.20 96.50 97.60 98.80 103.0 104.5
1516 81.80 83.00 83.60 84.20 85.00 86.40 87.00
1517 90.80 92.20 92.90 93.60 94.60 97.00 98.10
1518 90.60 92.00 92.60 93.20 94.20 96.50 97.40
Max. 94.00 95.2 96.5 97.6 98.8 103.00 104.5
Mean 89.58 90.76 91.52 92.28 93.24 95.46 96.65
Min. 81.8 83.00 83.6 84.2 85.00 86.4 87.00
MN+3 sigma 103.3 104.5 105.8 107.0 108.3 113.4 115.4
MN-3 sigma 75.84 77.01 77.22 77.54 78.11 77.49 77.82
(17) VRE F V (No Load)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm21s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0El0 5.3EI0
1514 9.998 9.999 I0.00 I0.00 I0.00 I0.00 i0.00
1515 9.998 9.998 9.999 I0.00 I0.00 I0.00 I0.00
1516 I0.00 i0.00 I0.00 I0.00 I0.00 I0.00 I0.00
1517 9.997 9.998 9.999 I0.00 I0.00 I0.00 I0.00
1518 9.999 i0.00 I0.00 I0.00 I0.00 I0.01 I0.01
Max. I0.00 i0.00 I0.00 I0.00 I0.00 I0.01 I0.01
Mean 9.998 9.999 9.999 I0.00 i0.00 i0.00 i0.00
Min. 9.997 9.998 9.999 i0.00 I0.00 I0.00 i0.00
MN+3 sigma I0.00 i0.00 I0.00 i0.00 I0.00 i0.01 i0.01
MN-3 sigma 9.994 9.996 9.997 i0.00 I0.00 9.988 9.988
(18) VREFL V (I0 = 1 mA)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0EIO 5.3EI0
1514 9.998 9.998 9.999 I0.00 I0.00 I0.00 I0.00
1515 9.998 9.998 9.999 9.999 I0.00 I0.00 i0.00
1516 i0.00 I0.00 I0.00 I0.00 I0.00 I0.00 i0.00
1517 9.997 9.998 9.999 i0.00 I0.00 I0.00 i0.00
1518 9.999 I0.00 i0.00 i0.00 I0.00 I0.00 i0.01
Max. i0.00 i0.00 i0.00 I0.00 i0.00 i0.00 I0.01
Mean 9.998 9_998 9°999 9.999 10.00 10,00 I0_00
Min. 9.997 9.998 9.999 9.999 I0.00 i0.00 I0.00
MN+3 sigma I0.00 I0.00 I0.00 I0.00 I0.00 I0.00 i0.01
MN-3 sigma 9.994 9.995 9.997 9.998 I0.00 I0.00 9.988
5-721
DEVICE TYPE: MN5290 Hyb. 16 Bit A/D Converter TEST DATE: 10-16-84
MFG: MNC DATE CODE: 8419
REF: JPL LOG 1081-A SOURCE: Dynamitron, 2.5
(continued)
MeV e
(19) ICC mA (Vcc : +SV)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0El0 5.3EI0
1514 46.00 45.75 45.50 45.30 45.15 44.95 44.75
1515 45.50 45.05 44.85 44.65 44.55 44.30 44.20
1516 50.60 50.15 49.95 49.75 49.60 49.40 49.25
1517 45.20 44.65 44.40 44.25 44.15 44.00 43.75
1518 45.45 45.00 44.70 44.50 44.30 44.20 44.05
Max. 50.6 50.15 49.95 49.75 49.6 49.4 49.25
Mean 46.55 46.12 45.88 45.69 45.55 45.37 45.2
Min. 45.2 44.65 44.4 44.25 44.15 44.00 43.75
MN+3 sigma 53.39 52.98 52.81 52.59 52.43 52.21 52.07
MN-3 sigma 39.70 39.25 38.94 38.78 38.66 38.52 38.32
(20) IDD mA (VDD = +15 V)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0E10 2.0El0 4.0El0 5.3E10
1514 17.60 17.85 17.95 18.00 17.95 17.90 17.75
1515 17.20 17.35 17.45 17.45 17.40 17.30 17.20
1516 17.15 17.30 17.35 17.35 17.30 17.25 17.25
1517 17.40 17.55 17.65 17.65 17.55 17.50 17.50
1518 17.20 17.40 17.50 17.50 17.45 17.40 17.30
Max. 17.6 17.85 17.95 18.00 17.95 17.9 17.75
Mean 17.31 17.49 17.58 17.59 17.53 17.47 17.4
Min. 17.15 17.3 17.35 17.35 17.3 17.25 17.2
MN+3 sigma 17.87 18.15 18.28 18.35 18.28 18.24 18.07
MN-3 sigma 16.74 16.82 16.87 16.82 16.77 16.69 16.72
(21) IEE mA (VEE = 15 V)
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2El3 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0El0 5.3E10
1514 -19.70 -19.70 -19.60 -19.55 -19.40 -19.10 -18.95
1515 -18.70 -18.60 -18.50 -18.40 -18.30 -18.05 -17.85
1516 -19.75 -19.60 -19.50 -19.40 -19.20 -19.00 -18.85
1517 -19.00 -18.95 -18.90 -18.75 -18.60 -18.45 -18.20
1518 -19.25 -19.20 -19.25 -19.15 -19.05 -18.85 -18.65
Max. -18.7 -18.6 -18.5 -18.4 -18.3 -18.05 -17.85
Mean -19.28 -19.21 -19.15 -19.05 -18.91 -18.69 -18.5
Min. -19.75 -19.7 -19.6 -19.55 -19.4 -19.1 -18.95
MN+3 sigma -17.92 -17.84 -17.79 -17.63 -17.55 -17.38 -17.i0
MN-3 sigma -20.63 -20.57 -20.50 -20.46 -20.26 -19.99 -19.89
5-722
DEVICE TYPE: MN5290 Hyb. 16 Bit A/D Converter
MFG: MNC
REF: JPL LOG 1081-A
(continued)
TEST DATE: 10-16-84
DATE CODE: 8419
SOURCE: Dynamitron, 2.5 MeV e
(22) Group IlL INS _A
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 I.OEI0 2.0EIO 4.0EIO 5.3EI0
1514 -220.8 -218.3 -216.5 -215.5 -214.0 -213.0 -212.0
1515 -219.0 -212.8 -211.7 -210.8 -210.0 -208.2 -209.0
1516 -228.3 -224.8 -225.3 -223.3 -222.0 -221.3 -220.8
1517 -219.8 -213.5 -212.8 -212.0 -210.8 -209.2 -208.2
1518 -222.5 -218.3 -216.0 -214.3 -213.0 -213.0 -212.0
Max. -219.0 -212.8 -211.7 -210.8 -210.0 -208.2 -208.2
Mean -222.0 -217.5 -216.4 -215.1 -213.9 -212.9 -212.4
Min. -228.3 -224.8 -225.3 -223.3 -222.0 -221.3 -220.8
MN+3 sigma -210.9 -203.1 -200.4 -200.4 -199.6 -197.4 -197.3
MN-3 sigma -233.2 -231.9 -232.5 -229.8 -228.2 -228.4 -227.4
(23) Group IIH INS _LA
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4Ei3 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0El0 5.3EI0
1514 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1515 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1516 1.000 1.175 1.325 1.450 1.475 1.625 1.500
1517 4.900 14.08 21.65 4016 4013 14030 17700
1518 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Max. 4.9 14.08 21.65 4016 4013 14030. 17700
Mean 1.78 3.651 5.195 804.0 803.4 2806. 3540.
Min. I 1 1 I 1 1 I
MN+3 sigma 7.012 21.14 32.79 6190 6185. 21628.5 27286.4
MN-3 sigma -3.452 -13.84 -22.40 -4582. -4579. -16014.7 -20204.6
(24) Group VOL DAT mV
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0EI0 2.0El0 4.0El0 5.3EI0
1514 140.0 141.4 142.1 142.3 142.9 143.4 143.3
1515 141.1 145.6 146.2 146.3 146.4 147.6 146.9
1516 141.4 144.0 143.1 144.1 144.5 144.8 144.8
1517 138.7 143.0 143.2 143.6 143.8 144.6 145.3
1518 133.8 136.3 137.7 138.8 138.9 139.0 139.7
Max. 141.4 145.6 146.2 146.3 146.4 147.6 146.9
Mean 139.0 142.0 142.4 143.0 143.3 143.8 144.0
Min. 133.8 136.3 137.7 138.8 138.9 139.0 139.7
MN+3 sigma 148.2 152.7 151.6 151.3 151.6 153.2 152.1
MN-3 sigma 129.7 131.3 133.2 134.7 134.9 134.4 135.8
5-723
DDEVICE TYPE: MN5290 Hyb. 16 Bit A/D Converter TEST DATE: 10-16-84
MFG: MNC DATE CODE: 8419
REF: JPL LOG 1081-B SOURCE: Dynamitron, 2.5 MeV e
(25) Group IOL DAT mA
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0El0 5.3EI0
1514 16.33 15.81 15.40 14.97 14.39 13.71 13.10
1515 15.08 14.38 13.91 13.43 12.84 12.11 11.52
1516 16.95 16.30 16.01 15.49 14.90 14.25 13.66
1517 15.95 14.92 14.45 13.95 13.35 12.64 12.07
1518 16.20 15.49 14.92 14.35 14.01 13.11 12.46
Max. 16.95 16.3 16.01 15.49 14.9 14.25 13.66
Mean 16.10 15.38 14.93 14.43 13.89 13.16 12.56
Min. 15.08 14.38 13.91 13.43 12.84 12.11 11.52
MN+3 sigma 18.14 17.63 17.38 16.88 16.35 15.70 15.08
MN-3 sigma 14.06 13.12 12.49 11.99 11.44 10.62 10.03
(26) Group VOH DAT U
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0El0 2.0El0 4.0El0 5.3E10
1514 3.666 3.676 3.678 3.677 3.675 3.671 3.667
1515 3.637 3.680 3.678 3.673 3.663 3.665 3.648
1516 3.694 3.713 3.697 3.703 3.699 3.691 3.683
1517 3.658 3.706 3.699 3.697 3.690 3.691 3.687
1518 3.652 3.678 3.688 3.694 3.688 3.676 3.674
Max. 3.694 3.713 3.699 3.703 3.699 3.691 3.687
Mean 3.661 3.690 3.688 3.688 3.683 3.678 3.671
Min. 3.637 3.676 3.678 3.673 3.663 3.665 3.648
MN+3 sigma 3.724 3.743 3.718 3.728 3.725 3.714 3.718
MN-3 sigma 3.598 3.638 3.657 3.649 3.640 3.643 3.625
(27) Group IOH DAT mA
Fluence (e/cm 2) Initial 1.2E12 3.0E12 6.0E12 1.2E13 2.4E13 4.0E13
Flux (e/cm2/s) Initial 4.0E9 6.0E9 1.0E10 2.0El0 4.0El0 5.3Ei0
1514 -4.334 -4.288 -4.263 -4.224 -4.228 -4.209 -4.186
1515 -4.522 -4.394 -4.375 -4.369 -4.360 -4.316 -4.263
1516 -4.797 -4.722 -4.734 -4.697 -4.681 -4.666 -4.635
1517 -4.250 -4.122 -4.116 -4.094 -4.084 -4.063 -4.026
1518 -4.244 -4.156 -4.116 -4.078 -4.069 -4.072 -4.066
Max. -4.244 -4.122 -4.116 -4.078 -4.069 -4.063 -4.026
Mean -4.429 -4.336 -4.320 -4.292 -4.284 -4.265 -4.235
Min. -4.797 -4.722 -4.734 -4.697 -4.681 -4.666 -4.635
MN+3 sigma -3.726 -3.612 -3.554 -3.528 -3.530 -3.523 -3.507
MN-3 sigma -5.131 -5.060 -5.086 -5.056 -5.038 -5.007 -4.963
5-724
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APPENDIX A
VENDOR IDENTIFICATION CODE LIST
A-I
VENDORIDENTIFICATIONCODELIST
ADI
ALP
AMD
AMP
BUB
FSC
HAR
HUG
LTC
MNC
MOT
MPS
MTL
NSC
PMI
RAY
RCA
SIL
SPI
SSS
STX
Analog Devices, Inc.
Alpha Industries, Semiconductor Division
Advanced Microdevices Corporation
Amptek, Inc.
Burr-Brown
Fairchild Semiconductor
Harris Corporation, Semiconductor Division
Hughes Aircraft Co., Solid State Prod.
Linear Technology, Inc.
Micro Networks Corporation
Motorola, Inc., Semiconductor Products Division
Micro Power Systems, Inc.
Mitel Semiconductor
National Semiconductor Corporation
Precision Monolithics, Inc.
Ratheon Co., Semiconductor Division
RCA Corporation, Solid State Division
Siliconix Devices, Inc.
Semi Processes, Inc.
Solid State Scientific
Supertex, Inc.
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APPENDIX B
INTEGRATED CIRCUIT ELECTRICAL PARAMETER
SYMBOLS AND ABBREVIATIONS
B-I
INTEGRATED CIRCUIT ELECTRICAL PARAMETER
SYMBOLS AND ABBREVIATIONS
AOL ERR.
AOL OFF
+AV
-AV
+Avo L
-AVO L
DVDT
FMAX
+FSACC
-FSACC
IAMP-IN
IB
ICC
ICC-BLK
ICC-CONV
ICC(H/L)
ICHG(+,-)
ID(OFF)
IDD
+IDF T
-IDF T
IDIS(ON)
IDN
IDp
IDSS
IEE
IEE-BLK
IEE-CONV
IFS
II(H/L)
I IH STR
ILEAKAGE
Gain error
Offset gain
Positive voltage gain
Negative voltage gain
Positive voltage gain under load
Negative voltage gain under load
Change in voltage vs. time
Maximum frequency
Positive full-scale accuracy
Negative full-scale accuracy
Amplifier input current
Input bias current
Power supply current
Power supply current, blank mode
Power supply current, convert mode
Power supply current, high/low level
Charging current, + and -
Drain current, off
Drain supply current
Positive drift current
Negative drift current
Drain and source current, on
Output drive current, negative
Output drive current, positive
Drain source current
Emitter power supply current
Emitter power supply current, blank mode
Emitter power supply current, convert mode
Full-scale current
Input current, high/low level
Start-convert current
Leakage current
B-2
INTEGRATED CIRCUIT ELECTRICAL PARAMETER
SYMBOLS AND ABBREVIATIONS (Continued)
ILL
ILOGIC
IO(H/L)
IOS
IOZ(H/L)
IREF
IS(OFF)
ISC
ISK
ISS
ISyM
IZERO
LSB
NONLIN
OFFERR
OFFSET
PWDTH
Q TRANS
ARAv G
RDS (ON)
+SR
-SR
tAA
tAC
tACQ
tBLANK
tCLEH
tCONV
tDELAY
tDp
tDS
Input current, low level
Logic power supply current
Output current, high/low level
Offset current
Tri-state output leakage current, high/low level
Reference current
Source current, off
Output source current
Output sink current
Source supply current
Current symmetry
Zero-scale current
Least significant bit
Nonlinearity
Offset error
Offset voltage
Pulse width threshold
Storage transfer
Change in average resistance
Resistance, on
Slew rate positive
Slew rate negative
Address access time
Access time from chip select
Acquisition time
Blank time
Time convert, low to high
Conversion time
Timing delay
Timing parameter DP
Timing specification
B-3
INTEGRATEDCIRCUITELECTRICALPARAMETER
SYMBOLSANDABBREVIATIONS(Continued)
tDSC
tHS
tOFF/0N HBE
t0FF/ON LBE
tpD
tpD-DO
tpDE
tSETUP
VCC
VDD
VEE
VI(H/L)
VLOGIC
VO(H/L)
VOS
Vp
VR(FREQ)
VREF
VREFL
VSAT
VSS
VTH(H/L)
VTN
VTp
Timing parameter DSC
Timing parameter HS
High bit enable propagation delay
Low bit enable propagation delay
Propagation delay time
Propagation delay time from clock input to data output
Propagation delay from register enable to output
Setup time
Collector supply voltage
Drain supply voltage
Emitter supply voltage
Input voltage, high/low level
Logic voltage
Output voltage, high/low level
Offset voltage
Pinch-off voltage
Voltage, reference frequency
Reference voltage
Reference voltage under load
Saturation voltage
Source supply voltage
Threshold voltage, high/low level
Threshold voltage, negative
Threshold voltage, positive
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